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Drawing Instrument & Material 

Engineering Drawing is the language of engineers. The 
accuracy and neatness of engineering drawing depends on the 
quality of the instruments used. The drawing can be well 
prepared with good instruments. A comprehensive knowledge 
of the drawing instruments, material and drawing practices 
will enable students to prepare accurate and neat drawings. 
The different drawing instruments and materials, methods of 
using them are explained below. 

The following list of instruments and other drawing 
material is required for the students. 

(1) Drawing Board which should be fixed on the stand. 

(2) Mini Drafter (without error) 

(3) Protractor 

(4) Instrument Box 

(5) French Curves 

(6) Drawing Paper 

(7) Drawing Pencils (HB, 1H, 2H, etc) * c f >6 + to f \&* 
/ox .. ,, (Battens) 0>r -<!:-(}? (jtirvj^ . 

(8) Pencil Sharpner 

(9) Sand Paper (for sharpening the pencils) 

(10) Drawing Board Clamps 

(11) Pencil Eraser (Rubber) etc. 

A Drawing Board is rectangular in shape and is made of , ^ * ? . ~ /o + Q M * 1* i* 

strips of well seasoned soft wood, and the two battens fixed ^ ^^^'-^^^(^t bquaresjl/d^c^ 
at the back of the Drawing Board. 

The Drawing Board should be fixed on the metallic stand 
or kept any other table, with its working surface sloping 
downwards towards the student for convenience. 





Nowadays Set-Squares are made of transparent materials, 
the lines underneath can be easily seen. The Set-Square are 
triangular in shape and one of the angles is a right angle. 

Semi Circular Protractors are generally made of 
transparent plastic material, the working edge of Protractor 
is usually bevelled. 

The Semi-Circular Protractor is about 1 00mm in diameter 
and is graduated at every 1 interval readable from both the 
ends. The straight line that is marked joining & 180 is 
called the base of the Protractor. The Centre of the. base is 
marked by a line perpendicular to it. 

The Compass is the most frequently used element in the 
instrument box. It is used for drawing circles with pencil. It 
consists of two legs hanged together at the top end (fig IM3). 
An adjustable pointed needle is fitted at the lower end of one 
leg. A pencil lead is inserted at the lower end of the other leg 
which is provided with a knee joint. 

For drawing circles of small diameter and arcs of 
comparatively smaller radii, Small Bow Compass (fig IM6) 
is used. 

Divider also consists of two legs hinged together at the 
top end. A steel point is provided at the lower end of each 
leg. (figlM?) 

French Curves are also made of transparent material. 
These are used to draw curved lines. 

Drawing Pencils is the most important tool used in 
engineering drawing. Drawing Pencils are made in different 
grades. The "HB" grade pencil is medium soft and dark in 
black colour, whereas 1H, 2H, grade pencils hard and light in 
black colour. "HB" Pencil is used for free hand works. Thin 
and light lines drawn by 1H & 2H pencils. 



^ J?OJ(/^^jfb x (Semi Circular 




\,i J^b wJUs(French curves)^!) 
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Drawing Pins are used to fix the drawing sheet oh the 

drawing board at the required place. Frequent use of pins ^. <,*jjrt / 

spoiled the surfaceoftheboard.lt is better to use board clamps 
instead of pins. 

Eraser (Rubber) is used to remove the extra lines and line 
drawn by mistakes. The eraser used should be such that the *> 
surface of the drawing paper is not spoiled in any way. Use of & 
eraser should be minimize by proper planning. 



_; Figures for Drawing Instrument & Material will be shown 
* in the next pages. 
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Lines, Lettering 

Technical Drawing are the main line of communication 
between the originator and user, between a consultant and his 
client. Neat well executed technical drawing helps to establish 
confidence. Much efforts and thoughts is needed with respect 
to lettering, and spacing in order to produce an acceptable 
drawing of high standard. 

The following notes of details will assist the draughtsman 
to improve the technique of lettering. 

Writing of notes, names and other important particulars 
on a drawing is called Lettering. It is an important part of a 
drawing. Lettering should be done properly in clear, legible 
and uniform style. Efficiency in the art of lettering can be 
achieved by careful and continuous practice. 

Single-Stroke-Letter :- The thickness of the lines of the 
single-stroke letters is obtained in one stroke of the pencil. It 
means that the thickness of the line of the letters should be 
uniform. The horizontal lines of letters should be drawn from 
left to right and vertical or inclined from top to bottom. 

Single Stroke Letters are of two types: 



(I) VERTICAL 



(ii) INCLINED 



Both the Vertical and Inclined Letters and numerals are 
suitable for general use. Inclined letters lean to right the slope 
being (15) to right from Vertical Line, or 75to the Horizontal 
Line from right hand side. The dimensions for letters, Vertical 
and Inclined depends upon the size of the drawing and the 
purpose for which it is prepared. 

Single-stroke inclined capital letters and figures are shown 

e in (fig.LT-1). The lower-case letters are usually used in 

architectural drawings.. Vertical and Inclined lower-case 




(Letter^ 



b x J? j ^ - ^ trU (/(Lettering)/ 









(ii) 



alphabets are shown in figures respectively. The width of the 
majority of letters is equal to the height. 

All letters should be uniform in shape, slope, size, shade 
and spacing. The shape and slope of every letter should be 
uniform throughout a drawing for maintaining uniformity in 
size thin and light guide-lines may first be drawn and lettering 
may then be done between them. The shade of every letter 
must be the same as that of the outlines of drawings, i.e., 
intensely black. 

Draw Thin Horizontal lines 4mm equally spaced upto 
24mm. The total Height of the lines should fre 24mm. 

Draw thin Vertical line 4mm equally spaced upto 24mm 
width and complete the square. Such type of each square 
contains 24 squares of size 4mm x 4mm, keep the distance 
between each block 8 mm. Draw (26 numbers) square blocks 
for (26) capital letters and 10 (rios) square blocks for numbers. 
Similarly draw inclined square blocks of 24mm for inclined 
lettering and numbering.. 

Then draw vertical and inclined capital letters and numbers, 
as shown below in the reduced size. 

{Draw here all vertical & inclined capital letters and 
numbers}. 

For small letters draw thin lines 4mm equally spaced upto 
24mm, and make square block of 16mm x 16mm for vertical 
as well as small letters. , The following small letters shown 
below in the reduced size. 

(Draw here all vertical & inclined small letters} 

The direction of writing all letters and.numbers are shown 

, figures 


LINES :- A definite system of lines is used in Eneineerins 



b, c, 
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drawing in order to describe different objects completely and 
accurately. Each line in a drawing has a definite measuring 
and is executed in a specific way to defined the shape and 
size of the object. Different types of lines, their thickness 
and applications are outlined in this section. 

TYPES OF LINES :- The description and application of 
different lines are given in table. 

PRINCIPAL LINES OR OUTLINES :- The lines drawn 
to represent the visible edges and the surface boundaries of 
objects are called principal lines are outlines. These are 
continuous thick lines. 
( Example :-A ) 

SECTION LINES :- These are used to indicated the cut 
surfaces of objects in sectional views. They are continuous 
lines inclined at 45 to the axis or to the main outline of the 
section. Spacing between these hatching lines is uniform and 
should be chosen in proportion to the size of the hatched 
section. These lines are thin (Example :- B) 

CONSTRUCTION LINES :- These lines are used for 
constructing drawings - They are continuous thin lines. 
(Example :B) 

DASHED LINES ;- Hidden features of objects are shown 
by lines made up of short dashes, spaced at equal distances. 
The points of intersection of these lines with the outlines or 
another hidden line should be clearly indicated. These lines 
are dashed thick or dashed thin. On any one drawing only 
one type of line should be used, (chain line) ( Example :- D ) 

CENTRE LINES :- These lines consist of alternate long 

and short dashes, evenly spaced. They are drawn at the centre 

of the figures symmetrical about an axis or both the axes. They 

are extended beyond the boundary of the figure by a short 

distance. These lines are thin. 



^(Vertical Letters) *3sS 



L (Principal Lines ) (J. 




(ii) 



DIMENSION LINES ;- These lines are continuous and 
thin (Example :- B) 

PROJECTION LINES :- These lines are continuous and 
thin. They extend slightly beyond the respective dimension 
lines. (Example:- B) 

CUTTING PLANE LINES :- These lines are made up of 
alternate Long and short dashes, thickened at the ends, bends 
and changes of direction and thin elsewhere and designated 
by capital letters. The dashes are evenly spaced and used to 
show the location of cutting planes. 

BREAK LINES t- Wavy continuous line drawn free hand 
or a straight continuous line with zig - zag is used to represent 
breaks. Only one type used on any one drawing. Straight 
line with zig - zags is used for production of drawings by f f< , ~ ^ ,p. s , ^ ' , **<., 

machines. These lines are thin. (( ^ ^ ^^^^^^^ /S ^^}^^^ 

BORDER LINES :-. These are continuous lines of 
minimum thickness of 0.5mm. This are used for defining the 
frame. 

THICKNESS OF LINE t- Two thicknesses of lines are 
used. The ratio of the thick to the thin line shall not be less 
than 2 : 1. 

NOTE i- For all views of one piece to the same scale, 
thickness of the lines should be the same. 

SPACING OF LINES :-. The minimum space between 
parallel lines, including hatching, should never be less than 

o twice the thickness of the heaviest line. , ^ ^ ^ * <- ., ~ , .*-, t/^ * f. <T ( , 

o (J-Ujr* <L-UjrZ(//~ *&vtsJv^>U~2?-<J J?/~<Jit(f (ll//* 

Note -.Figures for Lines & Lettering will be shown in the " - ' 

next pages. 
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Types of lines (Table) 



Example 


Line 
width Application 
mm 


A Continuous (thick) 


0.7 Visible edges and 
outlines 






B Continuous (thin) 


0.3' 1. Dimension lines 
2. Hatching lines for 


V~ / Y~ J V~~ 

Continuous thin 
Zig-Zag 


cross sections 
3. Leader lines 
4. Outlines of revolved 
sections 
5. Outlines of adjacent 
parts 
6. Imaginary outlines 
and edges 


C Continuous (thin) 
irregular 


0.3 Limits of partial views or 
.sections provided the 
line is not an axis 


D Short dashes (thin) 


0.3 Hidden outlines and 


Short dashes (thick) 


edges 


E Chain (thin) 


0.3 1. Centre lines 
2. Extreme positions of 




moveable parts 


F Chain (thick) 


0.7 Used for surfaces which 
have to meet special 
requirement 


li Attain line u.3, witn 
thick line 0.7 at ends 
and at changes in 
direction, to indicate 
cutting planes 


Cutting planes which 
may be in one or more 
parallel planes, 
continous planes or 
intersecting planes 




Refer to later chapter on 

CorHnnc ft\T fiirtHpr 
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SYMBOLS AND CONVENTIONS 




materials that look alike. 

A Symbol is a sign or mark used to represent an object, 

idea or process. A Convention is an accepted standard 

which has been adopted for clarity. 

Various types of symbols are shown in the following 

ptge. 




BRICK WORK 



GLASS 




CONCRETE PLASTER A SAND METAL SECTIONS 




STONE 




EARTH 






WOODEN 



WOODEN 



STONE MASONARY 
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BASIC CONSTRUCTIONS 



TO BISECT A LINE :Fig. ( GC \ )Line AB. Open the 
compass to more than half the length. With point on A, and 
Ihen on B, strike an arc above and below the line. Then join 
the intersection above and below the line. 
jhe line you have constructed divides AB into two equal parts 
fand is at right angles to it. 

JTO BISECT AN ANGLE : Fig. ( GC 2 )Angle XYZ. Place 
|ompass point on Y and strike an arc to cut X Y and then ZY. 
| With compass at same setting/place point at are arc on XY. 
[; Strike an arc between the two arms of the angle. 
^Likewise strike a new arc from the point on ZY. 
^Whcre these new arcs intersect, draw a line to point Y. This 
iline will bisect the angle. 
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Fig.(GCl) 
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Fig.(GC2) 



TO CONSTRUCT A WELL PROPORTIONED 
RECTANGLE CREATING A GOLDEN SECTION: 
Fig. ( GC 3) 

First draw a square. Bisect the bottom line to find the 

mid-point A. 

Place your compass point on A and open the compass to the 

right corner of the square B. 

Then scribe an arc to meet the extended base line C. 

Complete the rectangle. 

The rectangle can be divided into a square, and a rectangle, 

which is proportionally identical to the original rectangle. The 

new rectangle can be further subdivided in the same proportion 

to help fix points of design interest. 

TO FORM A SQUARE AND RECTANGLE INSIDE THE 
GOLDEN SECTION: Fig. ( GC 4) 

Set compass to short side of rectangle from point A. Swing arc 
to cut long side of rectangle at B and draw perpendicular to C. 



17 
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B 
Fig.(GC4) 
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CIRCLES WITHIN SQUARES: Diagnols are 

used to determine centres,Fig. ( GC 5 ) In the firial square, 
angle A has been bisected to cut the centre line in order to find 
the centre of the first circle. Take side length of square as 
50mm. 

CIRLCES WITHIN TRIANGLES: Fig. ( GC 6) 

Start by using the construction shown in GC to bisect each 
side of the trinagle. Angle DAB is bisected to intersect the 
line EC to find the centre for the first circle. Use this radius to 
form the other two circles. (Take side length of Triangle as 
(50mm) 

In Fig. ( GC 7 ) angle CEB is bisected to intersect the line 
drawn to bisect the angle of the triangle ABC. 
Use the distance B to the centre of the circle to find the centres 
of the remaining two circles. 

This construction can be developed into the final trefoil type 
design Fig. (GC 8) 






^^^ 





Fig.(GC5) 



Fig.(GC6) 
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Fig. (GC 7) 



Fig.(GC8) 



Geometrical Constructions 

Geometrical operations like division of straight lines and arcs, 
drawing parallels and perpendiculars, inscribing a regular 
polygon in a circle and drawing of tangents are based on the 
principles of plane geometry and hence are termed geometrical 
constructions. These geometrical constructions are employed 
in engineering drawings can be considered to be a sum total of 
a multitude of such constructions. Further, these constructions 
afford excellent opportunity to develop skill in the use of 
different drawing instruments. Hence it is essential that every 
student is conversant with these so that he may use them 
advantageously while preparing engineering drawings. 

It is assumed that students have a clear understanding of the 
elements of plane geometry so that they will be able to apply 
the same. The accuracy and the professional appearance 
should always be aimed in these constructions. 

Geometrical constructions relating to straight lines, circles, 
arcs of circles, regular polygons and tangents to circles and 
arcs are illustrated in this chapter. 
Fig. ( GC9 ) shows the different quadrilaterals. 





- s 

'v i 



tifri (Tangents) JV^' ktri^l ^ ^->'> /(Regular Polygon) 



(a) 



(b) 



(c) 





Fig. (GC 9) 



(a) Square- Equal sides, adjacent sides perpendicular. 

(b) Rectangle- opposite sides equal, adjacent sides 
perpendicular. 

(c) Rhombus- Equal sides; opposite sides parallel but adjacent 
sides not perpendicular. 

(d) Rhomboid- Opposite sides parallel adjacent sides not 
equal. 

(e) Trapezoid- Two sides parallel. 

(f) Trapezium- No sides parallel. 
a,b,c and d are parallelograms. 

Polygons 

A plane figure bounded by straight lines is called a polygon. If 
the polygon has equal sides and angles, it js termed a regular 
polygon. A regular polygon can be inscribed in or 
circumscribed about a circle. 
The regular polygons include: 
(i) Pentagon - 5 sides 
(ii) Hexagon - 6 sides 
2 (iii) Heptagon -7 sides 



(e) 



^^ 
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SEGMENT 



(iv) Octagon- 8 sides 
(v) Nonagon - 9 sides 
(vi) Decagon -10 sides 
(vii) Dodecagon -12 sides 




segment and a sector of a cirlce 
line joining any two points on the 






* ****<**<*** ^^ ** bounded by a chord 

iS b Unded * - radii 

To bisect a given circular arc. 

irCUlar ^ drawn wit " centre O Fig. ( 
ith centres A and B and radius greater than half AB 

iRS 011 ^ Si f, S 9f AB inteeCtin " each other a R^d 
iii RS cutting AB at T. Then, arc AT = arc BT = ,/ 2 arc 

The bisector RS will pass through if produced. 




^^ 
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Fig. (GC 13) 
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Fig. <GC 14) 



To draw a perpendicular to given line 

(a) At any point on it 

AB is given line. Perpendicular to AB is to be drawn at N on 
it. 

(i) Suppose N is near the middle of the line (GC A) 

With centre N and any convenient radius R., draw an 

arc to cut AB at R and S. 

With R and S as centres and any radius R 2 , greater 

than-Rj > draw arcs cutting each other at T. Join T and 

N. This line TN is the required perpendicular to AB 

atN. 

(ii) Suppose N is near an end of the line Fig. ( GC16) 

With A as centre and AN as radius, draw an arc RS 

intersecting AB atT. 

With T as centre and TN as radius, draw an arc to cut 

RSatU. 

Join U and N. This line cutsAB at V. The line NV is 

the perpendicular dropped from N. 

23 TO divide a given straight line into any number of equal 
parts 







^ 




Fig (GC 15) 2. 

1 

A 



Let AB be the given line which is to be divided into (say) six 

equal parts . Draw a line AR inclined at some convenient acute. 

angle at AB. 

Step - off six equal divisions of any convenient length along 

AR starting from A Fig. ( Gl5)i Join B and 6, Draw lines 

parallel to B6, through ihe divisions points 1,2,3,4 and 5 

cutting AB at I 1 , 2', 3', 4' and 5' 

The points I 1 , 2', etc. are division points dividing AB Into six 

equal parts. 

To draw a regular polygon given one side 

Let it be required to draw a heptagon, this method can be used 

for drawing regular polygons or any number of sides. 

AB is the given side of the required polygon. 

With A as centre and radius equal to AB, draw a semi-circle 

NB. 

Divide this semi- circle into as many parts as the number of 
sides of the polygon (Here it is divided into 7 parts), with a 
divider by trial and error. 




^./^^^^^ 
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Fig. (GC 
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N ^ ' 3 

Number the division points as 1 ,2, etc. starting from N. 
Draw a line joining A and the second-division point 2. For any 
polygon, irrespective of the number of sides, the point 2 is 
always one of the vertices of the polygon. 

Method 1 

Draw a perpendicular bisectors of AB and A 2c'.smng each 
other at Fig. ( GC IT) With centre and radius equal to O A 
draw a circle. 

With AB as radius, and starting with B cut the cirlce at points 
R, S, T and U. (Remember that point "2, one of the vertices of 
the polygon, is already established). 

Join BR, RS, ST, TU, U2, to obtain the remaining sides of the 
required heptagon, 

Special methods of constructing some regular polygons 
given one side PentagonFig. ( GC 19} C 

25 Draw AB equal to the given length of the side.Bisect AB.U is 
the point bisecting AB. Draw BV perpendicular and equal to A B 




/l^ 



gj(gggiijar polygon) 
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With U as centre and UV as radius, draw an arc intersecting 
produced at W.Then AW gives the length of the diagnol of the 
pentagon. 

With B as centre and AW as radius, draw an arc cutting the arc 
drawn with A as centre and /Was radius atT. 

With A as centre and AW as radius, draw an arc intersecting 
the arc drawn with B as centre and ABas radius at R. 

With A and Bas centres and AW as radius, draw arcs cutting 
down each other at S. 

Join BR, RS, ST And T The resulting polygon is the 
required pentagon. Fig. ( GC 19) 

Hexagon Fig. (GC 20) 

With any point as centre and the given length of the side as 
raduius, draw a circle. 

Starting from any point on the circumference of the circle, 
draw arcs with the same radius (side) to divide the 
circumference of the circle into six parts. Join the division 

points to get the required hexagon. 



Circumscription and inscription of polygons 

If a regular polygon has each of its vertices on a circle, it is 
said to be inscribed in the circle; and the circle passing through 
the sides (i.e., tangential) is said to be circumscribed about the 
polygon. 









' B R 
-6f (Pentagon) 
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of sides in , 







Pig. (GC 19) 
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Fig. (GC 20) 
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Fig. (GC 22) 



To construct a regular hexagon given the distance across 
corners Fig. (GC 21) 

Distance across corners of a hexagon is actually the diameter 
of the circle circumscribing the hexagon. 

Draw the circle with PQ/2 as a radius. 

With P and Q as centres and with the same radius, draw arcs 
cutting the circle at points 2, 1 , 3 and 4. 

Join PI , 1 3, 3Q, Q4, 42 and 2P to get the required hexagon. 



To construct a regular hexagon given the distance across 
flats Fig. (GC 22) 

Distance across flats is actually the diameter of the inscribed 

circle. 

Draw this circle. 

Draw tangents to this circle with 30- 60 set square, the 
resulting polygon is the required hexagon. 



(Regular polygon)trfjl/ii>i*' 



^\f(i (Inscribed in circle) 
2J* (/(Circumscribed about the polygon) 
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TANGENCY 

Fig. ( GC 23 ) shows a belt connecting two pulleys. Contact 
takes place at points C,D,E and F and these are known as 
tangency points. Lines CD and EF are tangents to the two 
circles and AF, AC, BD and BE are known as normals. The 
tangent makes an angle of 90 with its normal. The case shown 
gives a typical engineering application of external tangents. 

To draw a tangent to a circle 

(a) At any point P on the circle with as centre, draw the 

gi vert circle.. P is any point on the circle at which tangent is to 

bedrawnFig. (GC25) 

Join with P and produce it to P 1 so that OP = PF 

With and P 1 as centres and a length greater than OP as radius, 
- draw arcs intersecting each other at Q. 

Draw a line through P and Q. This line is the required tangent 
that will be perpendicular to OP at P. 

(b) From any point P outside the circle 

With as centre, draw the given circle. P is a piont outside the 
circle from which tangent is to be drawn to the circle Fig.(GC 24) 

Join with P. With OP as diameter, draw a semi-circle 
intersecting the given circle at M. Then, the line drawn 
through P and M is the required tangent. 
If the semi- circle is drawn on the other side, it will cut the 
given circle at M 1 . Then the line through P and M' will also be 
29 a tangent to the circles from P. 



/42'3Q' 13 'PI' 
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Fig. (GC 23) .fe-U l^fc(Normals)/BE^!EF 
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Fig.(GC23) 



Fig. (GO 25) 
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Fig. (GC 26) 



Fig.(GC24) 




Fig.(GC27) 



To draw a tangent 1 common to two equal circles externally 
Fig. ( GC 26) 

WithOj and O 2 as centres, draw the given circles of same 
radii. 

Join Oj and O 2 . Erect perpendiculars to Oj O 2 and at O. and 
O 2 on one side of Oj O 2 cutting the circles at A and B. 

Then, a line drawn through A and B is the required tangent. 



The other tangent through A' and B 1 can also be drawn .on the 
other side of O. O 2 . 

To draw a tangent common to two equal circles internally 
Fig.(GC27) 

With Oj and O 2 as centres, draw the given circles of same 

radii. 

Join O j and O 2 and bisect O j and 02 at P. 

With O| P as diameter, draw a semi-circle cutting the cirlce at 

Q. {OjP/2 as radius} 

Join Q and O 1 . Draw O 2 R parallel to QO, to meet the circle at 

R. l 



Draw a line through R and Q which will pass through P. This 

line is the common tangent drawn internally. 

The other tangent that could be drawn will pass through Q 1 and 

R 1 . 
3j Fig.(GC27)_ 

To draw a tangent common to two unequal circles 









Fig. (GC 25) 
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(Internally common tangent 
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externally Fig. (GC 28) 

R. and Ri arc the given radii of the circles. R, > R 2 

With O j and O 2 as centres, draw the given cirlces. (Internally common 

Join and ( ) 2 as centres, draw the given circles 

Join O and O 2 . With C) j as centre and radius equal to Rj - R 2 , **' &% 2 

draw a circle. Draw a tangent to this circle from O 2 . C>2 P is 

the tangent thus drawn. 

Join 0. P and produce it to meet the outer circle at Q. (Externally common 

Draw O 2 R parallel to O, Q on the same side of Oj O 2 . 

Draw a line passing through Q and R to get the required -L 
tangent. ^ 

The other tangent through Q 1 and R 1 can also be drawn on the _L/ 
other side of O j and O% 

To draw a tangent common to two unequal circles 
internally Fig. ( GC 29) 



' R, and R 2 are the given radii of the circles R I > R 2 . 




Fig. (GC 30) 



With Oj and O 2 as centres, draw the given circles. 

With O as centre and (R. + R^ as radius, draw a circle. Draw 
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a tangent O 2 P to this circle from O 2 . 

Join P and Oj and let this line PO, cut the cirlce' at R. 

Draw a line passing through Q and R. Then, this line is the 

required common tangent. The other tangent that could be 

drawn will pass through Q 1 and R 1 

To determine the circumference of a given circle 
Fig. ( GC 30) 



With O as centre, draw the given circle. 

Draw AB , a diameter of the circle. 

Draw tangent PR at P so that AR= 3x AB. 

Draw OS making an angle of 30 with QQ. 

Draw ST perpendicular to OB. 

Draw a line connecting T and R. The length of the line RT 

gives approximately the circumference of the circle. 



(Interna 



Fig. <GC 29) ^ 
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Exercises 

1 . Divide a line of length 70 mm into 4 equal parts. 

2. Draw an arc of radius 50 mm subtending an angle of 100. 
Divide the same into 12 equal parts. 

3. Draw a perpendicular to a line of length 100 mm at a point 
50 mm from the left end. 

4. Draw two straight lines at right angles. Draw an arc of 
radius 30 mm touching the straight lines. Draw the arc if the 
angles between the straight lines is 30. 

5. Draw pentagon, hexagon, heptagon and octagon of side 40 
mm. 

6. Construct hexagon whose (i) distance across corners is 60 
mm and (ii) distance across flats is 50 mm. 

7. Draw a circle of radius 30 mm. Draw a tangent to the 

circle at any point on it. Also draw a tangent to the circle from 
a point 60 mm from the centre of the circle. 

8. Draw two equal circles of radius 30 mm, the distance 
between their centres being 100 mm. (i) Draw a tangent 
common to the two circles externally (ii) Draw a tangent 

' common to the two circles internally. 



(Tangent) 
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To draw an internal tangent to two given circles. 

Example: Draw an internal tangent between two circles 
1 20mm apart. One circle with centre X is 70mm diameter, the 
other circle with centre Y is 30mm diameter. 

Join the centres of the two circles X and Y and bisect 
this line to give point Z. Describe a semicirlce using radius 
ZX. Position point C so that EC is equal to the radius of the 
smaller circle and draw an arc with XC as the radius to 
intersect the semicircle at point D. Join XD and mark point A 
where this line crosses the circumference of the larger circle. 

From point D draw line DY and from A draw another line 
parallel to it, to touch the smaller circle at point B. Line AB is 
the required tangent. Lines XA and BY are the two normals to 
the tangent. 

Fig. ( GCsi) Note: Another tangent could be drawn in the 
position shown by the dotted line. 

To draw an internal radius to touch two given circles 

Example: Draw a radius of 80mm to touch the given circles. 
From centre A draw a radius of Rj+80, i.e. 20 + 80 = 100mm, 
to intersect at point C with an arc of R2 + 80, i.e. 30 + 80 =1 10 
mm, and drawn from centre B. Draw a line from C to A which 
crosses the circumference of the smaller circle at D. Also, 
draw a line from C to B which crosses the circumference of 
the larger circle at E.D and E are the points of tangency. From 
centre C and with a radius of 80mm insert the arc between 
points D and E. Fig .(GC32) 
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To draw an external radius to touch two given circles. 

Example: A radius of 120 mm is requried to touch the two 
given circles. 

From centre A draw a radius of length 120 - Rt i.e. 120 -20 
=100 mm to intersecrt at point C with a radius of 120 - R2, i.e 
1 20 - 35 = 85 mm and drawn from centre B. Draw a line from 
C through B to touch the circumference of the larger circle at 
E.D and E are the points of tangency. From centre C and with 
radius of 120 mm insert the arc between D and E. pj (QC 33) 

To draw a curve in a given acute angle 

Example: Draw a 50 mm radius in an acute angle ABC of 45. 

Draw the given angle ABC of 45 and construct two parallel 

lines using 50 mm radius arcs to intersect at point O. From 

point O drop perpendiculars to give points E and F. Note that c~ C^u 85=120-35) l)^(120-R2)y^w^jl I B l ^L^A^-'-ci-'tl 

the 50 mm radius arc is now drawn between points E and F. 



Fig. ( GC 34) E and F are tangency points /^(/^/E^O* UK &S\? zfk?~4~l\*i-.*%Z\JjW/$\S< t ' 

To draw a curve in a given obtuse angle 

Example: Draw a 50 mm radius in an obtuse angle ABC of 
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Fig.(GC3l) 
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120 -20= R100 



Fig. (GC 33) 



120. 

Draw the given angle ABC of 120 using a 60 
setsquare and construct two parallel lines using 50 mm radius 
arcs to intersect at point O. Draw perpendiculars from O to AB 
and to BC to give points D and E. 

Note: The 50mm radius arc from centre O is drawn only 
between the points D and E. 

Fig. ( GC 35)D and E are tangency points. 



(Tangency points)^ 



Fig.(GC35) 
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CONIC SECTIONS 

Engineering works like construction of arches and bridges, 
fabrication of light and sound reflectors, manfacture of glands 
and stuffing boxes, drawing of graphs and machine tool 
building require the wide use of ellipse, parabola and 
hyperbola. Hence, a knowledge of the methods of constructing 
these curves is essential for any technician or engineer so that 
he can execute or supervise the works with ease and elegance. 
The geometrical properties, different methods of construction 
and the practical applications of ellipse, parabola and 
hyperbola are discussed in this chapter. 

Definitions 

Conic sections are the curves obtained by the intersection of a 
right circular cone by a plane at different angles. 

When the cutting plane is perpendicular to the axis of the cone 
but does not pass through the apex, the cure obtained is a circle 



Note: The tip of cone is called its apex and the imaginary line 
joining the centre of the base of the cone and the apex is 
termed the axis of the cone. A generator or an element is an 
assumed line passing through the apex and any point on the 
boundary of the base of the cone. 

When the plane is inclined to the axis and is not parallel to a 
generator and cuts all the generators, the section obtained is an 
ellipse. 

When a cone is cut by a plane which is inclined to tl axis and 
is parallel to a generator, we have a parabola Fig (CS37)When 



Vi,Y,Vi -Vertices 
F,.F-Foci 



Fig. (GC 36) 
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Fig.(GC37) 

the section plane passes through the apex and is perpendicular 
to the base of the cone, a triangle is obtained. 



A conic may be defined as a plane curve which is the focus of 
a point moving in such a way that the ratio of its distance from 
a fixed straight line is always a constant. 

The fixed point is known as the focus and the fixed straight 
line the directrix. The above mentioned ratio of distances is 
said to be the eccentricity. 

Eccentricity= Distance from the focus 
Distance from the directrix 

Eccentricity is always less than 1 for ellipse, equal to 1 for 
parabola and greater than 1 for hyperbola. In Fig. (GC 36) the 
eccentricity for ellipse = PF/PL < 1 , eccentricity for parabola = 
QF/QM = 1 and that for hyperbola = RF/RN > 1 . 

The axis of the conic section is the line passing through the 
focus and perpendicular to the directrix. The point of 
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intersection of the curve with the axis is known as the vertex. 
Ellipse 

Locus Definition 

An ellipse is defined as a plane curve which is the locus of a 
point moving in such away that the sum of its distances from 
two fixed points in the plane is always a constant. 

Properties of ellipse 

(1 ) The two fixed points are called the foci. InFig. (GC 3K) Fj 
and F2 are the foci. Fj and F? are equidistant from the centre 
O. 

(2) The long diameter passing through the foci and terminated 
by the curve is called the major axis (AB in the figure). 

(3) The perpendicular bisector of the major axis terminated by 
the curve is known as the minor axis (CD in the figure). 

(4) The distances of a point on the curve from the foci are 
called focal radii (Rj and R? in the figure). 

(5) By definition, PFj + PF2 = AFj + AF2 = CFj + CF2 

OA = OBandOFI=OF2 
therefore AFj + AF 2 = AF 2 + BF 2 = AB 

Hence, the sum of the distances of any point on the ellipse 
from'the foci is equal to the major axis. 
CF, + CF 2 = AB But CFj = CF 2 

4 1 therefore CF j = CF2 = Major axis 

2 
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Hence, distance from an end of the minor axis to any of the 
foci is equal to half the major axis. 

The foci can therefore be located by drawing an arc with an 
end of the minor axis as centre and one-half of the major axis 
as radius to cut the major axis at the foci. 

Practical applications of ellipse 

Arches, bridges monuments and dams are constructed in the 

shape of semi-ellipse, some utensils and container bottoms are 
elliptic in shape. Ship ventilators are elliptic to round. Elliptic 
curves are used in the manfacture of glands, man-holes 
stuffing boxes, etc. Elliptic curve is encountered frequently in 
orthographic drawing when holes and circular forms are 
viewed obliquely. 

Example: Draw an ellipse given the following 

(i) Distance of the focus from the directrix = 70 mm (ii) 
Eccentricity = 3/4 

Draw a line CD as the directrix Fig. (GC 39) 

Draw the axis perpendicular to the directrix through ^ ^ ^ 

any point E on it . ^EJ^*'V'(Vertex)(J1^'(^yyC^ 

Fix the focus F on the axis so that EF = 70 mm. 

Divide EF into 7 equal parts and locate the vertex V on the 

fourth division from E. Now YE -i 

VF^3 VE=4 

VE 4 
42 Draw a perpendicular VG at V such that VG = VF, join E and 




G. 

In the triangle VEG,_VG = VF = 3 

VE ~VE ~4~ 

Mark an arbitrary point 1 on the axis and draw a 
perpendicular through 1 to meet EG produced at 1 '. 
With F as centre and the length 1-1' as radius, draw arcs to cut 
the perpendicular through 1 at points al and al .' 
The distance of point a 1 from the directrix = distance El . 
Now. Fa] = 1-1' = VG = 3 
EI = E, = VE =~T~ 

Hence, a! is a point on the ellipse. So also al 1 . 

In the same way, mark points 2,3,4, etc. on the axis and repeat 
the same construction to obtain points aV a 3 and a^. etc. 

Draw a smooth curve through these points to get the required 
ellipse which is a clostd curve. 

while drawing any curve, light freehand curve is drawn first 
through the known points. Neat black curve is drawn finally 
with the aid of suitable trench curve. 

Note: An ellipse has two foci and two directrices. CD and C t 
DI are the two directrices Fig. (GC 39) 

To draw a tangent and a normal to an ellipse at any point P 

on it. 

Method:- 

Draw lines joining the given point P with the foci F } *and F 9 . 
Draw a line PN bisecting /Fj PF 2 . This line PN is the normal 
to the ellipse. 

through P, draw a line PT perpendicular to PN. The line PT is 
43 the tangent to the ellipse at P. 
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Method (ii) Fig. (GC39) 
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Draw a line joining P and F. From F, draw a perpendicular to 
PF meeting CD at M. Draw a line through P and M. This line 
is the required tangent. Through P, draw a line PN 
perpendicular to PM. This line PN is the normal to the ellipse 
at P. 

To draw an ellipse, given the major and minor axes 
Example: Draw an ellipse of major axis 100 mm and minor 
axis 60 mm. 



* 
i Major & Minor Axis)7/ 
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Fig.(GC40) 



Fig. (GC 38} 



Locus method Fig. (GC 40) 

Draw a line AB of length equal to the given major axis (100 
mrn) and a line CD equal to minor axis (60 mm) bisecting each 
other at O. 

With C as centre and AO as radius, draw arcs intersecting AB 
at F j and F^Fj and F2 are the foci of the ellipse. 

With Fj and F 2 as centres and with any radius Rj less than Fj 
B, draw arcs on both sides of AB. With the same centres and a 
radius R 2 equal to AB minus Rj draw arcs intersecting the 
already drawn arcs at points marked I 1 . These points T are 
points on the required ellipse. Obtain more points on the 
ellipse by using similar pairs of radii with centres F] and F 2 . It 
is to be noted that in each case, the sum of the two radii must 
be equal to the major axis. 
Draw the ellipse through the points thus obtained. 

Note: Locus method and arcs of circles method are the same. 



(Locus MethodXgj 
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Concentric circles method (Auxilliary Circle Method) 

Example : Draw AB (100 mm) and CD (60 mm) the major 
and minor axes cutting each other at O With O as centre, draw 
two concentric circles of diameters 100 mm and 60 mm as 
shown in ^*8- (OC 41) 

Draw radial lines OE 1 E, OF' F, etc. at convenient angular 
intervals of say 30. From points E, F, etc. on the major axis 
circle, draw lines perpendicular to the major axis AB. From 
points E 1 , F 1 ,etc. on the minor axis circle, draw lines parallel 
to the major axis. The intersection of perpendicular and 
parallel lines from points on the same radial line will fix a 
point on the required ellipse. For example, the meeting point 1 
of the perpendicular line through E and the horizontal line 
through E is a point on the required ellipse. Thus, 1 , 2, C, 3, 4, 
B, 5, etc. are points on the ellipse. Draw a graceful curve 
through these points to define the ellipse. This method is more 
accurate than the others. 

Example: Draw an ellipse given the major axis 120mm and j 120 (Major AxisX//llfeLt't rl (Ellipse 
the minor axis 80 mm. ' 

Solution: Draw two circles about centre O of 120 mm and 80 
mm diameter. Divide the circles into a convenient number of 
parts and draw radial lines through the centre. One such radial 
line is shown in Fig. (GC 41) which intersects the two circles in 
two postitions A i A2 and B i #2- 



Kg.(GC41) ,;3 




(Ellipse 
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Horizontal 



From points AI arid A draw vertical lines to intersect with 
horizontal lines from points B j and 62 to give points C] and 
2, which lie on the ellipse. Repeat this procedure to give the 
completed ellipse shown inFig 
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Oblong method 

Draw AB (100 mm) and CD (60 mm) the major and minor 
axis, intersecting at O. 



Draw lines through the ends of each axis parallel to the other -4'<* 
axis to form a parallelogram EFGH Fig. (GC 42) 

Divide AO and AE into the same number of equal parts. 
Number the division points from A as shown in the figure. 
Join C with 1' , 2' and 3'. Draw lines from D passing through 
1 ,2 and 3 and cutting Cj 1 , C 2 ' and C 3 ' at points 1 " . 2" and 3" 
respectively. Draw a smooth curve through A, 1" . 2" , 3" and 
C to get one quarter of the required ellipse. Use the same 
construction in the other quadrants also and obtain the 
remaining portions of the curve. 



The method adopted is sometimes called rectangle method. An 
ellipse can be inscribed within a parallelogram by using the 
above method. 

Example: Inscribe an elhpse within a parallelogram of sides 
1 10 mm and 70 mm; the acute angle included by the sides 
being 70 

Draw the parallelogram of sides 1 10 mm and 70 mm as shown 
inFig. (GC43)Mark A, B, C, and D, the mid-points of the sides. 
Draw lines AB and CD cutting each other at O. The rest of the 
procedure lemains the same as for oblong method. This 
method is knn\ n as parallelogram method. 
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Fig. (GC 43) 
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Parabola 

Locus definition 

Parabola is defined as a plane curve which is the locus of a 
point moving in such a way that its distance from a fixed point, 
the focus, is always equal to its distance from a fixed straight 
line, the directrix. 

Practical applications of the parabola 

Reflectors of light (like headlamp of a motor vehicle) and 
sound reflectors are made in parabolic form as are vertical 
curves on highways and rail road. Arches, bridges and tunnels 
are constructed in the shape of parabola. The trajectory of a 
thrown object or missile has the form of parabola. Wall 
brackets subjected to heavy loads are desinged like a parabola, 
that is to say, their cross-section is formed by the axis and one 
branch of the parabola. Parabola is frequently used in machine 
tool building and other branches of mechanical engineering. 
The bending moment diagram of a beam carrying uniformly 
distributed load is in the form of a parabola. 

To draw a parabola given the distance of the focus from 
the directrix 

Example: Draw a parabola given the distance of the focus 
from the directrix as 60 mm. 

Draw a line CD as the directrix Fig. (GC44) 

Draw the axis through any point E on CD. 

Fix the focus F on the axis so that EF = 60 mm. Since the 

eccentricity of parabola = 1 , the vertex V can be located at the 

midpoint of EF. 

Mark points 1, 2, 3, etc. on the axis arbitrarily and draw' 

parallels to the directrix through these points. 
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With F as centre and El as radius, draw arcs to cut the parallel 
through 1 at two points marked 1'. With F as centre and E2 as 
radius, draw arcs to cut the parallel 2 at 2 points marked 2'. 
In the same wa>. obtain points 3', 4' , etc. on both sides of the 
axis. 

Join these points by a smooth curve to get the required 
parabola. 

Note: Any like 22' perpendicular to the axis is called ordinate 
and twice the same like 2' - 2' is known as double ordinate. 
The double ordinate passing through the focus is termed latus 
rectum. Distance like V2 or V3 is called abscissa. 

To draw a parabola given the base and the axis 
parallelogram method or rectangle method 

Example: The Jiead lamp reflector of a motor car has a 
maximum rim diameter of 130 mm and maximum depth of 
100 mm. Draw the profile of the reflector and name it. 

The shape of the lamp reflector is parabola. Maximum rim 
diameter = base of the parabola = 1 30 mm. 

The maximum depth of the reflector = axis of the parabola 
= 100 mm. 

Draw the axis BA, 1 00 mm long- perpendicular to EF 
Complete the rectangle CDEF of which DE = AB Fig. (GC45) 
Dmde BF and CF into the same number of equal parts. 



^t;!*^ 
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Fig. (GC iS 






Number the division points from F as shown in the Fig 
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Fig. (GC 45) 
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Draw lines joining A with points I 1 , 2' and 3'. 
Draw lines parallel to AB through 1' , 2' and 3'. 

Draw lines parallel to AB through 1, 2 and 3 to intersect A', , 
A' 2 and A' 3 to intersect A 1 ' , A2 P , and A3' at points 1 " , 2" and 
3" respectively. 

Draw a smooth curve through F, 1 " , 2", 3" and A to get one 

half of the parabola. The other portion of the parabola is 

obtained by making the same construction in the other portion 

of the rectangle. 

%(GC45) shows the method of constructing a parabola in a 

parallelogram. 

Tangent method 

Example: Draw a parabola" of base 100 mm and axis 40 mm 
using tangent method. 

Draw the base 100 mm long 

Mark its mid-point B and draw the axis BA, 40 mm long 

perpendicular to CD. 

Produce BA to E such that AE = AB. 

Draw lines joining E with C and D. 

Divide EC and ED into the same number of equal parts, say 6. 
Number the division points as shown in Fig. (GC46)Draw lines 
joining 1 and 1 ' , 2' , 3 and 3' , etc. 

., Starting from C, draw a curve tangential to the lines 5-5'. 4-4. 
he resulting curve is the required parabola. 



-4' ) (5-5 1 




Fig. (GC 46> 
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Fig.(GC47) 



Hyperbola 

Locus Definition 

Hyperbola is defined as a plane curve which is the locus of a 
point moving in such a way that the difference between its 
distances from two fixed points called foci, is a constant. 

Practical applications of hyperbola 

Electronic transmitters and recievers (like radar antenna) have 
the shape of Hyperbola. Rectangular hyperbola is used in the 
design of hydraulic channels. It is also used in the design of 
hydraulic machinery requiring constant velocity of flow. Use 
is commonly made of rectangular hyperbola, for instance in 
thermodynamics, in the study of Boyle's law of expansion of 
gases, etc. 

F, 



InFig. (GC47) and F>) are the foci - The line throu h the foci 
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is the axis of the hyperbola. The points A and B where the 
curve cuts the axis are the vertices. The line AB between the 
vertices is called the transverse diameter or the transverse axis 
or major axis. The mid-point O of the transverse diameter is 
the centre of the hyperbola. The line CD is the conjugate axis. 

If P is any point on the curve, then, Fj P - F 2 P = a constant (by 
definition). This constant is equal to the length of the 
transverse axis AB. 

The hyperbola consists of two infinite branches and two lines 
EH and GJ passing through O and continued indefinitely. 
These two lines are called asymptotes, each of which is 
tangent to both branches at infinity in opposite directions. 
When the asymptotes are at right angles, the hyperbola is 
called a rectangular hyperbola. 

To draw a hyperbola given the foci and the transverse axis 
Fig.(GC47> 

Let AB be the given transverse axis and Fl and F2, the foci. 
Mark points 1 , 2, 3, etc. arbitrarily on the axis outside FJ and 

Using FI and F 2 as centres and radius equal to Al, strike four 
arcs. With the same centres and radius Bl, draw arcs 
intersecting the previously drawn arcs at four points marked 1 '. 
Repeat the same construction for points 2, 3, etc. The 
hyperbola may be extended as far as desired. 
Draw a smooth curve through the points thus obtained. This 
curve is the required hyperbola. 

To draw the asymptotes 

Draw a circle with O as centre and radius equal toOF 2 . Draw 
perpendicualrs to AB at A and B, cutting the circle at E, G, H 
and J 4 The diagnols EH and GJ are the asymptotes of the 
hyperbola. 
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To draw the directrices 

With O as centre and OA or OB as radius, draw arcs to cut the 
asymptotes at Y,Y f and Z.Z' as shown in Fig Join YY 1 

and produce it. This line YY 1 produced is one of the required 
directrices. Join ZZ* and produce it to get the other directrix. 

To draw tangent at any point 

The tangent to the hyperbola at any point P on it is the bisectot 
of the angle Fi PF2. Infig. (GC 47)RT bisects angle Fl PF2 and 
hence is the tangent to the hyperbola at P. 

To draw a hyperbola given the focus, from the directrix and 
eccentricity 

Hxample Draw a hyperbola given the distance of the focus 

from the directrix as 55mm and eccentricity as 1 .5. 

{.el CD be the dircctix. Draw the axis AB perpendicular to CD 

Ft*.<GC4) 

Locate t he incus l-on the axis at 55mm from A. Fix the vertex 
V on the .ixis ji CJ mm from A so that 
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Fig. (GC 48) 



D 



3' 2' 1 p 




Fig.(GC49) 



Draw a line perpendicular to AB at V. 

Mark a point E om this perpendicular such that VE - VF. Join 
A and E and produce. 

Draw a perpendiculars at point as 1,2, etc. on the axis 
(arbitrary points to cut the line AE - produced at 1 ',2', etc. 
With F as centre and radius equal to l-l',draw arcs cutting the 
perpendicular through 1 at a } and a } '. With F as centre and 
radius equal to 2-2'. draw arc's cutting the perpendicular 
through 2 at a 2 and a^- 

Repeat the construction for points 3, 4, etc. and obtian points 
33 and a 4 ', 34 and a' 4 , etc. 

Draw a smooth curve through these points. This curve is the 
required hyperbola. 

To draw a tangent and a normal at any point P on the 
hyperbola 

Draw a line joining P and FFig. (GC 48)From F, draw a line 
perpendicular to PF to meet CD at M. Draw a line through P 
and M is the tangent to the hyperbola at P. From P, draw a 
line PN perpendicular to PM. This line PN is the normal to the 
hyperbola at P. 

To draw a hyperbola given the transverse axis, an ordinate 
and an abscissa 

Draw the transverse axis AB. Let BC be the given abscissa and 
CE, the ordinateFig. (GC 49) Construct the rectangle DEFG as 
shown in the figure. Locate the mid-point O of AB. Divide CE 
and DE into the same number of equal parts and number the 
division points as shown, starting from E. 
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F g.(GC50) 



Join O with 1,2 and 3. Join Bl' cutting Oi at I". Join B2' 
meeting O2 at2". Join B3 1 intersecting O3 at 3". Draw a 
smooth curve through E, 1",2",3" and B to obtain one half of 
the required hyperbolas. Repeat the same construction in the 
bottom rectangle adn complete the curve. 

Note: The points 1 ,2 and 3 can be joined to any poin t left of B 
and hyperbola drawn. Thus, an infinite number of hyperbolas 

can be drawn passing through the three points E, B and F. 
Rectangular hyperbola (equilateral hyperbola) 

Rectangular hyperbola is the locus of a point moving in such a 

way that the product of its distances from two fixed lines at 

right angles to each other is a constant. The fixed lines are the 

asymptotes. 

As stated earlier, a hyperbola is called a rectangular hyperbola 

when the asymptotes are at right angles. 

To draw a rectangular hyperbola given one point A on the 
curve 

Example: Draw a rectangular hyperbola passing through a 
point A situated at a distance of 60 mm from OX and 40 mm 
from OY, OX and OY being the asymptotes. 

FA rv^ ^/ u x, , , 

Draw OX and OY, the asymptotes FigGC 50)Mark the position 

of the given point A. 

Through point 1 , draw a line parallel to OX and OY 
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respectively. 

Mark any point on RS, such as 1 . Draw a line joining O and 1 

and produce it to meet PQ at V. 

Through point 1, draw a line parallel to OX and through 1' , 

draw a line parallel to OY. Let these two lines meet at AJ, a 

point on the required curve. 

Obtain points A2> A3> etc. in the same manner. 

Line O -5 meets PQ at 5' . Parallels to the asymptotes drawn 
through points 5 and 5 1 intersect at A< which is also a point on 
the curve. 

Draw a smooth curve through the points A 5 , A, A , , A 2 , etc. to 
obtain the required rectangular hyperbola. 

Fig (CS ) shows the mehtod of drawing a hyperbola through a 
given point located between two lines including any angle 
between them. 

Exercises 
1. Draw an ellipse having a major axis of 120 mm and minor 

axis of 80 mm using the concentric circles method. Draw a 
tangent at any point on the ellipse. 

2. The foci of an ellipse are 80 mm apart and the minor axis is 
60 mm long. Draw the ellipse. Draw a tangent and a normal to 
the ellipse at a point 30 mm from the minor axis and situated in 
the first quadrant. 
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3. Draw the ellipse given in problem 2 by arcs of circles 
method and by oblong method. 

4. Inscribe an ellipse in a parallelogram of sides 100 mm and 
70 mm. The acute angle between the sides is 50 

5. A pond of elliptic shape is to be inscribed inside a 
rectangular plot of size 1 10 x 60m. Draw the boundary line of 
the fish pond. 

6. Draw a four- centred approximate ellipse having a major 
axis of 1 10 mm and a minor axis of 70 mm. 



7. Draw a parabolic arch with 100 mm span and 40 mm rise. 
Fix the focus and the directrix of the parabola. 

8. Draw a parabola whose focus is at a distance of 50 mm from 
the directrix. 

9. Draw a hyperbola given the distance between the foci as 
100 mm and the transverse diamater as 70 mm. 

10. The vertex and the focus of a hyperbola are at distances of 
20 mm and 50 mm respectively from a fixed straight line. 

Draw the hyperbola. Draw a tangent and a normal at any point 
on it. 

1 1 . A point P is at a distance of 40 mm from one asymptote 
and 30 mm from the other. Draw a hyperbola passing through 

60 P if the angle between the asymptotes is 75. 
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THE IN VOLUTE 

An involute is a spiral curve formed, for example, by a point 
on a taut cord which unwinds from the circumference of a 
cylinder. As the cord unwinds it forms a succession of tangents 
which gradually increases in lenght and this is the basis of the 
construction. Fig.(GC51) 

The flanks of most gear teeth have involute profiles 
and these are known as involute gears. A rack associated with 
an involute gear will have a straight side. The cycloidal curves 
which follow have also been applied in the design of gear 
teeth. 

Example: Draw an involute curve for a cylinder 40 mm in 
diameter. 

Divide a circle of 40 mm diameter into twelve equal 
parts, number them as shown and from each point on the 
circumference draw tangent lines. Note that when the cord 
which is assumed to be fixed at point 1 is completely unwound 
its length will be the length of the circle circumference n D. 






Divide this distance from point 1 into twelve equal parts. If the 
cord is now wound back onto the cylinder, then at each 
successive point around the circumference the length of the 
cord is now measured along the tangent will be reduced by one 
twelfth. Mark off the tangent lengths in turn and join the ends 
in a smooth curve to give the required involute. 

Involute of a square 

Example: Draw the involute of a square of 25 mm side. 

Draw the square and number the corners as shown. 

To draw an involute of a polygon 

Example: Draw the involute of a regular hexagon of side 

30 mm Fig (CS ) 

Draw the given hexagon ABCDEF. Let A be the end of cord 
on which it is unwound. 

With F as centre and FA (30 mm) as radius, draw an arc to 
intersect EF - produced at 2. With D as centre E as centre and 
El (60 mm) as radius, draw an arc to cut DE- produced at 3. In 
the same way, obtain the portion of the involute upto point 6. 



Fig.(GC52). 




Fig. (Gt 




The curve obtained is one turn of the involute of the hexagon. 

Whatever be the polygon, its involute is obtained on the above 
lines, (taking the corners of the polygon on order, draw arcs 
with the corners as centres to terminate on the extended sides. 
The first radius is equal to the length of one side of the 
polygon. The radius of each successive arc is the distance from 
the centre to the terninating point on the previous arc) 
Fig. (GC5 2) shows the involute of a triangle Fig. (GC 53) shows 
that or a square and Fig. (GC55) shows that of a pentagon. 
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Fig.(GC55) 




In drawings, the object cannot always be shown to their ' 
foil size. In most cases, the objects are represented by lines 
of length smaller than the actual size of the objects; e.g. 
drawings of large machine parts, building components, 
architectural drawings, survey maps, bridge structures etc. 
In some cases, the drawings are made larger than the real size 
of the object; e.g. drawings of small machine parts, dial 
aaiiaes watches, etc. Thus, for the easy and clear 
fnterpretation of the information depicted and handling 
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in this chapter. 
Definitions " 

Scale is defined as the ratio of the linear dimension of an 
element of an object as represented in the original drawing to 

te real linear dimension of the same element of the object 
itself. 

are larger than the actual size of the objects, then the scale 
adopted is said to be an enlargement scale. 
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Full Size 
Reduction Scale 



: A Scale with the ratio 1 : 1 

: A Scale where the ratio is smaller 
than 1:1. The Scale is said to be 
^ m ,nr on it<; ratio decreases. 



- 




^^(Enlargement Scale) 



Enlargement Scale 
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: A Scale where the ratio is larger than 
1:1. The Scale is said to be larger as 
its ratio increases. 




Representative fraction : 

The ratio of the drawing size of an object to its actual size 
is known as the representative fraction. Usually referred to as 
R.F. 

R.F. = Drawing size of an object 
Its actual size 

When the scale used is a reducing scale, the drawing will 
have R.F. values of less than unity. For drawing using enlarging 
scale, the R.F. values will be greater than unity. Thus if an 
object of length 100cm is represented by a line of length 1 cm 
in the drawing, the R.F. is equal to 

1 cm 1 

or 



When a 1mm long edge of a watch is shown by a line of length 
1 cm in the drawing, the R.F. used is 



1 cm _ 10 mm 
1mm 1 mm 

Designation of Scale : 



= 10 



The Complete designation of a scale consists of the word 
SCALE followed by the indication of its ratio, as follows: 

SCALE 1 : 1 For full size 

SCALE X: I For enlargement scales ( e.g. SCALE 100: 1) 
SCALE 1 : X For reduction scales (e.g. SCALE 1 : 50) 

If there is no likelihood of misunderstanding, the word 
SCALE may be omitted. 



(Reduction 
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The designation of the scale are used on a drawing will be 
indicated in the drawing sheet. 

Recommended Scale : 

The scales recommended by the IS Code cited for use on 
technical drawings are as follows: 

Enlargement Scale 50 : 1 20 : 1 



5 : 1 



10 : 1 

2 : 1 



1 : 1 






1 :2 


1 : 5 


1 : 10 


1 : 20 


1 : 50 


1 : 100 


1 : 200 


1: 500 


1 : 1000 



Full Size 
Reduction Scales 



1 : 2000 1 : 5000 1 : 10000 

The Scale to ,be selected for a drawing will depend upon 
the complexity of the object, and the purpose of the 
representation. The selected scale should be large enough to 
permit easy and clear interpretation of the information 
depicted. The size of the drawing will be naturally governed 
by the scale adopted and the size of the object. 

It is also recommended that a full-size view be added to 
the large scale drawing of a small object. However, the full- 
size view may be simplified by showing only the outlines of 
the object. 

Scales on drawings : 

If an unusual scale is used, it is. generally constructed on 
the drawing sheet itself. 

The data required for the construction of any such scale 
are :- 

(i) the R.F. of the scale 
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(ii) the units required to be represented, for example, 
metres and decimetres or feet and inches or l/8 th and 
1/1 6 th of a metre, etc. 

(iii) the maximum length to be measured on the scale. 

, ^ , , ,, v f . . . , 

Length of the scale = R.F. X the maximum length required 

to be measured on the scale. 

In general, the scale is drawn to a length of 150 mm to 
300mm. 

Length longer than what this scale could accommodate are 
measured by marking them off in parts. 

Plain Scales ( simple scales) 

A plain scale consists of a line which is divided into 
suitable number of equal parts. The first part of the line is 
sub-divided into smaller parts. Plain scales are used to 
represent two units or one unit and its fraction, e.g. metres 
and decimetres; kilometres and hectometres (100m); 
centimetres and 1/8 centimetre; etc. 

The following statements hold good in respect of every 
scale: 

(i) The zero should be marked at the end of the first main 

divisibn - 

(ii) From the zero mark, the numbering of the main 
divisions increases to the right and the numbering of 
the subdivisions increases to the left. 

(iii) The units of the main divisions and the sub-divisions 
should be clearly written below them or at their 
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(iv) The R.F of the scale or its specific designation (e.g. 

68 Scale 1:10) should be written below the scale. 
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Example 1 



Construct a scale to show metres and 
decimetres and long enough to measure 
upto 5 metres. 2 cm length on the map 
represents 1 metre. 
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R.F. = 1 : 50 



Fig. (PS 1) 

Since only metres and decimetres are to be represented, a plain 
scale would suffice. 

2 cm 1 

R.F. of the scale - 



Length of the scale = R.F X maximum length to be measured. 
_L X 5m = -i- m = 10 cm. 

Draw a line 10 cm long. 

Divide it into five equal parts, each part representing one 
metre (Use geometric construction for dividing the line into 
five equal parts). 

Mark (zero) at the end of the first division and 1, 2, 3 
... and 4 to the right of at the end of the subsequent metre 
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Divide the first division into 10 equal parts each one 

representing one decimetre. Number the decimetres to the left < ^ 

of as shown in Fig. 1 . l)UlT^4.75yJ> 

The line forming the scale is shown as a rectangle of small C 
arbitrary height in order to clearly distinguish the divisions. 
The vertical division lines are drawn throughout the height of 
the scale. The Consecutive divisions are distinguished by 
drawing thick lines at the centre of the alternate portions as 
shown in the figure. 

Note ; Always use geometric construction for dividing a line 
into a number of equal parts. 



Example ---- 2 



Draw a plain scale of R.F.(1:40) and show 
Decimetres and Metres. Showa length of 
(4.75) on it. 





2.5x1000x100/1=^^2.5/^(^1= R.F. & 
250000/1 = 

^>^\^ 
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3 4 

Metres 

R.F. = 1 : 40 



^^16=^^100x1000x40x250000/1=^^^1 



Fig. (PS 2) 
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1 1 

Length of the scale = 40~ x5m= ~ m 

Draw a line 12.5 cm long. 
Divide it into 5 equal parts. 



= 12.5cm. 



Divide the first part into four equal divisions. Complete 
the scale as shown in Fig.(SL 2) 

To measure a distance of 4.75 m, place one leg of the 
divider on 4 m mark and the other on 3 fourths mark. The 
distance between the ends of the two legs represents 4. 75 m. 
The same is shown measured in the figure. 

Example 3 : Draw a plane scale of RF (1:250000) to ^^.^.(1:250000) (R.F 

show kilometers upto 40 kilometers and on T 

it show a distance of 39 km. 




39km 



10 8 6 4 2 10 20 30 

Kilometres Kilometres 

R.F. = 1 : 250000 
Fig. (PS 3) 



To find R.F. 

4 cm 2 represents 25 square kilometres 

1 cm 2 represents 6.25 square kilometres 

or 1 cm represents O6.25 square kilometres = 2.5 

kilometres 

71 1 cm = 1 = 1 

'" R ' F - = 2.5 km ~ 2 . 5 x 1 000 x 1 0~0 250 000 



Since the distance to be marked on the scale is only 3 9 -m, 
the piain scale can be constructed just to be measure uptc, 4 
km (39 km rounded off to next higher whole number). 

Length of the scale = 
1 



250000 



x 40 x 1 000 x 1 00 cm = 1 6 cm. 



Draw a line 16 cm long and divide it into 4 equal parts. 
Divide the first part into ten equal divisions. Complete the 
scale as shown in Fig. (SL 3). The distance 39km is shown 
marked on the scale. 



Example ---- 4 



Construct a plane scale of R.F.(1:5) to 
show centimetres decimetres and measure 
upto 10 decimetres. Show a distance of 

(8 - 6 dm) on li 




= 1 :6 ) *l^'(Plane Scale) J^UC"! : J(> 
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Centimetres 



Decimetres 
R.F. = 1:5 



Example 5 
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Fig. (PS 5) 

Construct a piane scale of R.F. (1:125) to (R.F.= 1:125) ^(Plane Scale) 
show metres uoto 18 metres show the 
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length of ISrn on it. 
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Example 6 



Draw a scale, of (1 :4) to show Centimetres 
and Decimetres and long enough to 
measure (3.6 dm) on it. 




3.6 dm 



10 5 

Centimetres 



1 



3 4 

Decimetres 
R.F. = 1:4 
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DRAWN LENGTH : 1/4 x 5 dm = 12.5 Cm 
Fig. (PS 7) 



Example 7 



Draw a scale of (1:60) to show meters upto 
6m. Show the length in decimetres and 
meters and long enough to measure 3.5m 
on it. 



1 : J|> 




Decimetres 

DRAWN LENGTH : 1/60 x 6 mm 
Fig. (PS 8) 



Diagonal scales 

Diagonal scales are used when three units are to be 
represented, for example, metres, decimetres and centimetres 
or two units and fractions of the second unit ; for example, 
metre, decimetre and 1/8 decimetre. These scales are used also 
when very small distances like 0.1 mm are to be accurately 
measured (accuracy correct to two decimal places). 

Fractions of short lines are obtained by the principal of 
diagonal division as illustrated below. 

Let it be required to divide a given short line AB into 10 
parts in such a way that 

- AB, - AB, -AB etc. can be directly measured. 



: (Diagonal Scale 
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Draw a line perpendicular to AB at any one of its 
say at B. Along the perpendicular drawn, step-off ten equal 
divisions of any convenient length, starting from B and ending 

atc 

Number the division points as 1, 2, 3, 4, etc. as shown in *s> ./ 
Fig (DS4). Join A and C. Draw lines parallel to AB throughf ^ f X 
the points 1, 2, 3, etc. to cut PR at .V. 2'. 3'. etc. 



AB), (2/10 AB), (3/10 



Hence 



- 



1-1 



AB 

OR 9 ' " 9 " " X (9 " C) 



OR 



' - 8 / 8 - C= 9' - 9 /9 - C=AB/BC 
AB/BC x (9-C)= 9'-9 I 

0-9AB = 0.9 BCxAB/BC = L 



BC 



Similarly 8'-8 = 0.8 AB and so on. 



Example 1 : Construct a diagonal scale to measure metres 
and centimetres, when 5 cm on a map 
represents 1 m. mark a distance of 2. 53 
metres. 
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Decimetres 



Metres" 
R.F. = 1 : 20 



R.F. of the scale = 



5 cm 



1 



100 cm 20 



or 1 : 20 



Since the length to be shown on the scale is only 2 metres 
and 53 centimetres^ the diagonal scale can be constructed just 
to measure upto 3 metres. 

1 

Length of the scale = -n x ^ m ~ ^ cm Draw a line AB 
15cm long. "Divide it into 3 equal parts to show metres. 
Divide the first part into 10 equal divisions, each divisions, 
each one representing 10 cm or one decimetre. 

At A erect a perpendicular and step-off along it, 10 equal 
divisions of any length ending at D 

Number the division points alongAD as shown in Fig.(DS5). 
Complete the rectangle AB.'CD. Erect perpendicular at metre 
76 divisions and 1 . 



Draw horizontal lines through the division points on AD. 



Join Dwith the end of the first small division from A along 
AO (viz. 9th decimetre point). Through 8, 7, etc. along Ao, 
draw lines parallel to S9. 

In the triangle OTU, TU measures 1 decimetre or 10 cm. 
Each horizontal line below TU diminishes in length by 1/10TU 
or 1cm, Thus, the length of the line immediately below TU is 
equal to 9/0 TU and hence represents 9 cm. 

To measure a distance of 2 metres and 53 Centimetres, place 
one leg of the divider at N, where the horizontal line through 
3 on AO meets the vertical through 2m and the other leg at M 
where the diagonal through 5 decimetres point meets the same 
horizontal. 

Example 2 : Construct a diagonal scale of R.F. =1/25 to 
show metres, decimetre and centimetres and 
to measure upto 4 metres. Mark on the scale (Jt<L_U 
distances of 2.76 m, 2.91m 0.47m. 
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10 8 6 4 2 
Decimetres 



3 

Metres 
R.F. = 1 : 25 



Length of the scale = -^- m - 16 cm. 

Draw a line 16cm long. Divide it into 4 equal parts to show 
metres. Divide the first part into ten equal divisions each 
division representing one decimetre. 

Erect a perpendicular at the left-hand end of the scale. On 
this perpendicular, step-off 10 equal divisions of any length. 
Cojnplete the construction of the scale as shown in fig.(DS 6) 
following the method indicated in the previous example. 

This scale can be used to measure lengths between 1 cm 
and 4 m. 

The distance between A and B shows 2.76 m. 
The line CD shows 2.91 m. 
The length EF measures 0.47 m. 

Example 3 : The distance between Hyderabad and 
Bangalore is supposed to be a distance of 
8 cm on a railway map. Find the R.F. and 
construct a diagonal scale to read 
kilometres. Show on it the distances of 
553 km, 222 km and 308 km. 
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B 



R.F. = 1 : 5000000 



To find R.F. = 



8 cm 1 
40o x 1 000 x 100 cm ~ 5 000 000 



Since the longest distance to be shown is only 543 km, it 
would be enough to construct a diagonal scale to measure upto 
600 km. 

Length of the scale : 

600 x 1 000 x 100 

R p v 600 km = - cm = 12 cm 
K.K x ouu Km 



Draw a line 12 cm long and divide it into six equal parts to 
show kilometres in hundreds Fig. (DS 7) 

Divide the first part into ten equal divisions, each division 
representing ten kilometres. 

Erect a perpendicular at the left-hand end of the scale. On 
this perpendicular, step-off 10 equal divisions of any length 
to represent kilometres. 

Complete the construction of the scale as shown in 
Fig.(DS7). 

This scale can be used to measure lengths between 1 km 
and '600 km. 

Example 4 : Draw a diagonal scale of R.F. (1:2.5) showing 
centimetres & millimetres and long enough 
79 to measure upto 20 cm. Show the distance 

(11.4 cm) on it. 
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R.F. = 1 : 2.5 Centimetre 



Example - 5 : Draw a diagonal scale of R.F. (1 :4000) to show 
metres & long enough to measure 500 m. Show 
the Length of 344m'on it. 
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100 200 300 401 
.AB = 344 metres R ' F> = * : 400 Metre 



Draw a diagonal scale of R.F. (3:100) to show 
metres, decimetres and centimetres and long 
enough to measure 5 m. Show a length of * 
3.59 m on it. 
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Decimetres 



= 3.59. metres 



Metres 
R.F. = 3 : 100 



Example 7 : Construct a diagonal scale of R.F. (3:10) ' 
showing metres, decimetres and 
centimetres and to measure upto 5m. Show J^|j/^3.55y 
a distance of 3.55 m on it. 




10 5 

Decimetres 

Example 8 
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1 2 

AB = 3.55 metres 



Construct a diagonal scale of R.F.( 1:6250) to 
read up to 1 km and to read metres on it. 
Show a length of 633 m on it. 



B 



4 

Metres 
R.F. = 3 : 100 



f-t?<;X^f.(R.F.-1:e250)irt/^Jk^J 5/ tJjrt : JO 
.<L.fe/lU(5^(633) 
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Vernier scales 

A vernier scale consists of a main scale or primary scale 
and a vernier. The main scale is a plain scale which is fully 
divided into minor divisions. The vernier is also a scale used 
along with the main scale to read the third (smallest) unit 
which is a fraction of the second unit on the main scale. The 
difference between a main scale division and a vernier division 
gives the smallest length that can be measured using the 
vernier scale. This smallest length is called the least count of 
the vernier. 

The vernier can be moved along the main scale and fixed 
in any position. The vernier occupies a particular position on 
the main scale to represent one particular length. Therefore, 
if a number of lengths are to be shown, the same number of 
vernier settings is to be drawn which process is of course 
cumbersome and time consuming. Instead, only one vernier 
scale is drawn with a fixed vernier set-up and the different \j*\\j\ \&t$ 
lengths to be shown are so split that they can be represented 
on one and the same vernier scale set-up. 

Types of verniers 

Verniers are of two types, the direct vernier and the 
retrograde vernier. In the direct vernier Fig.(VR 1), the 
markings on the vernier are in the same direction ad those of 
the main scale. Itis so constructed that (n-1) divisions of the 
main scale are equal in length to n divisions of the vernier. 
Therefore, in the direct vernier, one vernier division is shorter ^ 
than one main scale division. 

la the retrograde vernier Fig.(VR 2), the markings on the 
vernier are in a direction opposite to that of the main scale. 
Here, (n+i) main scale divisions are divided into n vernier 
divisions. Hence, one vernier division is longer than one main 



wuJ j a 



j, <t {,(/*?[ 
^* * * " ' 



^ 
.^.tUy (Least Count) 




.^(//(Back Vernier) falf.jv 



scale division. The retrograde vernier is also known as back 
vernier. 

The construction and use of the vernier scales can be easily 
understood from the following examples. 
Example - 1 : Construct a vernier scale of R.f. = 1/25 to 
show metres and decimetres, and to read 
centimetres by a direct vernier. Maximum Jl 
length to be measured is 4 metres. 
Show on the scale the following distances: 
(i) 2.79m (ii) 0.53 m. 



B 



A 
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Metres 
R.F. = 1 : 25 

Length of the scale = 1/25 x 4 m = 16 cm. 

Draw a line AB, 16 cm long and divide it into four equal 
parts to show metres. Number these metre points as 0,1, etc. 
starting with (10 - 1 =9) main scale divisions representing 9 
dm. divide the length RO into 10 equal parts such that each 
part on it represents 9/10 dm = 9 cm. The difference between 
one main scale division and one division on RO, the direct 
vernier, is 1 dm-0.9 dm = 0.1 dm or 1 cm, the least count. 
The combination of the direct vernier and the plain scale forms 
the direct vernier scale. 



.^te/U^l^O.53 (2)y*2.79(Dy Jfl 

" * 



To show the distance of 2.79 m on the vernier scale, it is 
split as 0.09 m + 2.70 m. 

0.09 m or 9 cm is shown on the vernier to the left of R and 
2.70 m is shown on the main scale to the right of R . Thus, 
the length AB shows 2.79 m. 

In the same manner, 0.53 m is written as 0.63 m-0.1 m. 
The length CR on the vernier measures only to facilitate 
measuring of fracrional lengths on the main scale as discussed 
above, the main scale is completely divided into minor 
divisions. 

Example - 2 : Construct a retrograde vernier scale using the 
data given under (example - 1) and show on 
it the same distances. 

Length of the scale = 1/25 x 4 metres =16 cm. 

Draw a line PQ, 16 cm long and divide it into four equal 
parts to show metres. Divide each of these parts into 10 equal 
divisions to show decimetres. 




10 S 

Decimetres 



Retrograde Vernier 



g5 Take a length RO equal to 10 + 1 = 1 1 main scale divisions, 
reoresentling 1 1 dm. Divide the length RO into 10 equal parts 
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such that each part on it represents 11/10 = 1.1 dm or 11 cm. 
The difference between one division on RO and one division 
on PO is equal to I.I dm-1 dm = 0.1 dm or I cm. the upper 
scale RO is the vernier and the combination of this vernier 
and the plain scale is the vernier scale. 

To show the distance of 2.79 metres on the vernier scale, 
it is split as 0.99 m + 1.80 m. 

0.99 m or 99 cm is shown on the vernier to the left of zero; 
and 1.80 m is shown on the main scale to the right of zero. 
Thus, the length AB shows 2.79 metres. 

In the same way, 0.53 m is .split as 0.33 m + 0.2 m. The 
length CO on the vernier measures 0.33 m and OD on the main 
scale measures 0.2 . Hence, CD represents 0.53m. -'(1.94) M ;(3.56)" 

Example - 3 : Construcrt a full size vernier scale of inches 
and show on its lengths 3.56", 1.94", 0.28" 

AB = (0.66"+2.9")=3.56" 
CD = (0.44"+L5")=1.94" 
EF = (0.88"- 0.6") =0.28" A 

0.99 



^fa ii ,s , '/i, i ft 



B 



E 



Length of the scale = 4 x 3 cm = 12 cm. 




Example - 4 : Draw a vernier scale of R.F. (1:25) to read ,7- 
decimetre up to 4 m . Show the length of 
2.59 m and 0.81 m on it. 

Drawn Vragth = 1/25 x 4 x 100 = 16 cm 

10 M.S.D, -= 11 V.S.D. 2.59 = (0.99+1.60) 

L.C. = 1/10 = 0.1 dm 0.81 =(0.11+0.70) 
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Metres 

R.F. = 1 : 25 
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Projections of Faints 

For the purpose of study of the projections of a point, it 
may be considered to be situated 

i) In space in any one of the four quadrants formed by 
, V . , . . , , f * 

the horizontal and vertical planes of projection 

ii) In any one of the two reference plane- 

\\\) In both the reference planes. 

F 

Method of drawing the projections of a point 

6 F J j. , u 

Projectors are drawn from the point perpendicular to the 
planes. The point of intersection of the projector with the 
surface of the plane is the projection of the point on the plane. 
One of the planes is turned so 'that the two planes are brought 
in line with each other. 

It is to be noted that the first and third quadrants are always 
opened out and the second and fourth quadrants are closea 
while rotating the planes. Depending upon the quadrant in 
which the point is situated, the positions of its views with 
respect to reference line xy will change and thus maybe above 
or below xy. The Views may also lie in xy. 

Notation 

A point is denoted by a capital letter. The projection of 
the point on the HP is denoted by the lower case letter and its 
projection on the VP is represented by the lower-case letter 
with a dash. Thus, e indicates the top view and e% the front 
view of the point E. A point E may be called simply point E 
or point ee'. Similarly, a line PQ may be called the line pq, 
p'q'. 

Projections of a point in the first quadrant 

Fig. shows a point & located in space in the first quadrant. 
It is above the HP and in front of the VP. The distance of the 
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(a) 
e) 



point from the HP is h and that from the VP is v. d.' is the 
front view or elevation of A and Otis the top view or plan of^- 
The planes are then rotated in the directions of the arrows 
so that the first quadrant is opened out and the planes are 
brought in line with each other. The projections are seen as 
shown in Fig. The elevation is above xy and is at a distance 
h (height of E above the HP) from xy. 

The plan is below xy and is at a distance v (distance of 
in front of the VP) from xy. 

The line joining the viewsaandoC (called projector) meets 
xy at o at right angles. oaC = h and 00.= v. 

Proj ection of point in the Third Quadrant 

Fig. shows a point A which is below the HP and behind 
the VP. It is in the third quadrant. The plan is obtained by 
looking from above the HP and the elevation is obtained by 
looking from a position in frojit of the VP. Both the- planes 
are assumed to be transparent. 

OUis the plan andO-', the elevation of A. On a flat surface, 
the plan is seen above xy and the elevation below xy as shown 
in Fig.3(b). 

= v- /=: distance from the VP 

= h = height below the HP 



oct= 



Projections of a point in the fourth quadrant 

A point *A' situated in the fourth quadrant is shown in 
Fig.4(a). It is below the HP and in front of the VP. The top 
view is obtained by looking from above the HP which is 
assumed to be transparent. 

On rotation of planes, both the plan k and elevation k' are 
seen below xy as shown in Fig.4(b). 

oa- ACL* = v = distance from the V.P. 
89 oflt = AcL=h=height below the HR 



(ee 1 ) /(E)J 



(Front View) &\ 



(Front View) 
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(Top View) 
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Projection of Point in First Quadrant 
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Ejection of Point m Second Q 



uadrant 



Projections of points in the reference planes 

Fig. shows (r-t*L-\?2-l(j!i (Third Quadrant) 

i) a point L which is in the HP and in front of the VP ^ (H p } -j$, 

ii) a point M which is in the VP and above the HP *~ 



iii) a point N which is in both the HP and the VP (i.e. on xjij**-/* J^lf'tfq-fyUg. (V.P.) 

Xy itSelf) ' ,jl fe_UUri<=^ *~^ (H.P.)Tt?l (Plan) 

Fig. shows the projections of L, M and N.F the . .* LS J? /" &* e 

elevation of L, lies in xy and 1, the plan of L is below xy. && Vx\jr\KZ-d^>c--\si- (V.P.) / c) 

m', the elevation of M is above xy and m, the plan of .cjj\)f\f} (Transprant) 

M is in xy. 

, ,. ... PXT . .. .,.. XT ... fLi 

n and n', the projections of N coincide with N and lie 

in x y- //(Plan 

As it can be seen from the above illustrations 

xy 

i) the plan of a point which is in front of the VP is below 
the xy line and the plan of a point which is behind the 

VP is above xy. The distance of the plan of the point _ *, _ , >" . . 

from xy is equal to the distance of the point from the oa- /VV - v = >*l^ (V.P.)O U J^ 

VR 
ii) the elevation of a point which is above the HP is above 



VR = h = 



the elevation of a point which is above the HP is above f . 

xy and that of a point which is below the HP is below \f LJ)L-\e 2lU~ (Fourth Quadrant) 

xy. The distance of the elevation from xy is equal to ' 

the distance of the point from the HP. 



iii) The plan and elevation of a point He on the same line , ^ S n , n ^ f * tJ s s . >*., ^ 

which is perpendicular to xy. .Af.^U-.(V P.)C d,S^L (H.P.ft ifl^* tjS^ 

iv) When a point is in a reference plane, its 'projection on J^ * ***u \r<z-*j*-s\p vZ-^s^ (Top View) ,/(/' ^ 

the other reference plane lies in xy. f f f . .-/ <& 

.i#JO (// (Transprant)(j^LT 
v) When a point lies in xy, it is said to be in both the HP 

and the VP. Its plan and elevation 'coincide with it 
and hence lie in xy. 
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Projection of Point in Third Quadrant 
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Projection of Point in Fourth Quadrant 
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(HP.) 
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(Elevation) jfe-U^ (Plan 

O xy// 

t r x (iv) 

^cfW-L 
(H.P, V.P.)Uj^U^^ f-^ijc/ xyy/J^'jjC* ( V ) 



1. Draw the projections of the following points on the 
same ground line, keeping the projectors 25mm apart. 

A, in the H.P. and 30 mm behind the V.P. 

B, 50 mm alone the H.P. and 25 mm infront of the 
V.P. 

C, in the V.P. and 50 mm above the H.P. 

D, 40 mm below the H.P. & 40 mm behind the V.P. 

E, 25 mm above the H.P. and 50 mm behind the V.P. 

F, 50 mm below the H.P. and 25 mm infront of the 
V.P. 

G, in both the H.P. and the V.P. 

2. A point T 1 is 50 mm from both the reference planes. 
Draw its projections in all possible positions 

3. State the Quadrants in which the following points 

situated : 

(a) A point P; its top view is 40 mm above xy; the front view, 
20 mm below the top view. 

(b) A point Q, its projections coincide with each other 40 mm 
below xy. 

4. A point is 15 mm the H.P. and 20 mm infront of the 
V.P. Another point Q is above 25 mm behind the V.P. and 40 
mm below the H.P. Draw projections of P and Q keeping the 
distance between their projections equal to 90 mm. Draw 
straight lines joining; 

(i) Their top views (ii) Their front views. 

5. Two points A and B are in the H.P. The point A is 30 
mm in front of the V.P., while B is behind the V.P. The 
distance between their projectors is 75 mm and the line joining 

" ' their top views makes an angle of 45 with xy. Find the 
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Projections of Solids 

I irsl and third angle Projections 

lor orthographic projection, two planes are assumed to 
intersect. This line of intersection is known as the XY line or 
ground line and the four angles (dilhedral angles) resulting 
from the intersection of these lines are all right angles (see 
drawing). The four dihedral angles are numbered for reference 
as 1 si , 2nd, 3rd and 4th angles, and of these the 1 st and 3rd 
angles are used in conventional practice for all projections. 

First Angle Projection 

During projection the front view and plan are shown on VP 
and HP, respectively. An extra vertical plane (SVP) is used so 
that the end elevation can be projected on to it. Side vertical 
planes (SVP) can be at either or both ends, depending on the 
location of the detail to be shown. Where only one is required 
it is normally placed to the right of the front vertical plane. 

One of the most important points to rerriember is that the lines 
of projection are always perpendicular to the faces 
ofprojection. The drawing below shows the projection of an 
object on to the three planes are opened out to show the views 
correctly positioned in first angle projection. 



The object is placed between the viewer and the plane 
or projection so that the view obtained from the left appears on 
the right of the elevation and vice versa. Similarly, the view 
" orn tne to P ' s drawn below and vice versa. This is the 
essential feature of 1st angle projection and one which 

distinguishes it from 3rd angle projection. 



lrt lXY 
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- (First Angle Projection 



PLAN 



1st angle 

HORIZONTAL 
PLANE (HP) 




3rd angle 



VERTICAL 
PLANE (VP) 



SIDE VERTICAL 
PLANE (SVP) 
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HORIZONTAL 
PLANE (HP) 




END 
ELEVATION 



FRONT 
ELEVATION 



Third angle projection 
FRONT 

ELEVATION 



END 
ELEVATION 




PLAN 
First angle projection 



Third Angle Projection 

In the 3rd angle method of projection the plan is placed above 
the front elevation. The simple rule is: whatever is seen on the 
right side is placed on the right side; 

whatever is seen on the left side is placed on the left. This is 
the reverse of the I st angle method. 

The block shown on previous page is shown again 
below in 3rd angle projection for comparison. 

In practice, either the 1st angle projection or the 3rd 
angle is acceptable. In architectural drawing a combination of 
both is widely used. When- using either the 1st or the 3rd angle 
projections a note to that effect should appear on the drawing, 
for example, 3rd angle- projection. Alternatively, the direction 
in which the views are taken should be indicated. 
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TOP VIEW 
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R.S.VIEW 



o 

CM 



20 
FRONT VIEW 



o 



o 



O 



o 



TOP VIEW 



o! 
in i 




I ho 

f -- 





TOP VIEW 



i 



20 



60 



R.S.VIEW 





o 

CO 



o 



50 



100 



FRONT VIEW 



60 



TOP VIEW 




111 



100 
FRONT VIEW 



30 



TOP VIEW 




R.S.VIEW 



FRONT VIEW 




o 



o 
r-a 



2 holes 010 



CD 



CD 
Csl 



O 



113 



R.S.VIEW 




FRONT VIEW 



20 



50 



TOP VIEW 



o 

CNI 



O 

fN 



CD 



10 



I ' I 
I I 

It I 



30 _ 



o 

CO 



10 



30 



10 



FRONT VIEW 



R.S.VIEW 



115 





TOP VIEW 



R20 



HOLE 




116 



.1 

<r 

\ 
















o 

CM 


i 


i i 


o 

r 




! i 




CO/VMT \HC\Af 



^JO-j 




,15^ 














,-L,- ..,.- _ - - ,- - 






. . 


V.i . , i 


h )" 


in 




t 1 
















130 















TOP VIEW 
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ISOMETIC PROJECTIONS 

Isometic View orr projection is a type of projection in 

which three dimensions of a solid can be represented in (Axes) 

one view in its actual size. The method is based on 

turning the object in such a manner that its three rnutu- 

ally perpendicular edges are equally foreshortened. 

Examples are given in the following pages from which 

I . . t: -i j ; j y 

isometnc views can be easily understood. * 
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BUILDING DRAWING 

The details of drawing of any building include: 

(a) Plan (b) Section along given vertical plane and 
(c) Elevation. 

(a) Plan of a building represents a horizontal section 
of building at given height seen from top. For buildings, it is a 
general convention to imagine that the building has been cut 
down by a horizontal plane at the sill level of the windows and 
is seen from the top after removal of the part. 

The plan of a building means the details that can be 
seen which are below the window sill level. This plan shows 
the arrangement of rooms, verandah or corridor, position of 
doors and windows and other openings alpng with their 
respectives sizes. All horizontal dimensions like size are 
indicated as Breadth and Length. 

1. The positions of beams, sunshades, portico, 
ventilators which are above the sill level of windows are 
shown with dotted or broken lines. Refer (figure: BD 1 ) 

2. Line diagram is a sketch generally not drawn to a 
particular scale. The relative position of all the elements like 
living/ Drawing, Bed room, Guest room, Kitchen, Dining, 
Toilets, verandahs, position of doors, windows, openings etc.! 
are clearly shown with their dimensions. 

126 The dimensions shown in a line diagram are internal 

dimensions. From the given specifications, the thickness of 
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Front View or Elevation is the outside view of 
building when a building is seen by standing infront of it. 
Similarly when the building is viewed back, left or right,it is 
called back side view, left side view or right side view etc. 
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-Foundation 



COMPONENTS OF A BUILDING 



Fig. (B Dl) 



walls in super structure shall be taken to draw the fully 
dimensioned plan to a convenient scale. 

(b) Section is cut vertically along a line so that the 
building is seperated into two portions along the imagined 
vertical plane right from top of the building to the lowest part 
of the foundation. The view that can be seen while travelling 
along this imaginary vertical plane when looking towards left 
is drawn to the same scale as that adopted for the plan and this 
view is called as sectional elevation, or section.Fig (BD2) 



Foundation lies below the natural the ground level. It 
consists of (i) cement concrete or lime concrete course of 
about 300 mm thick and (ii) two or three masonry footings. 

Basement is that part of the structure lying between 
the ground level and floor level. There will be one or two 
masonry footings in the basement portion. The space between 
the floor and the ground will be generally filled with sand. 
Flooring which forms part of basement will be of cement 
concrete or lime concrete with stone jelly or brick ballast. It is 
plastered smooth at the top with cement mortar. 

Superstructure is the portion of the structure above 
the foundation. For making clear distinction, superstructure is 
considered to represent the portion of the building from 
basement to roof. Thus, superstructure includes the masonry 
wall from basement to roof, lintel, sunshade and other 
projections, doors, windows and ventilators. 
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Lime mortar 
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128 R of is the horizontal reinforced cement concrete 
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Weathering Course 

75mm Thick. 
R.C.C. Slab 100mm Thk. Roof 



Brick work 20cm. Thick. 

^^ Sun Shade with 
Lintel (R.C.C.. 1:2:4) 

Flooring in Cement Concrete 
~~l:4:8(12mm.) 
Damp Proof Course in C.M. 

1:3, (20mm.) 
Sand filling 



Brick Work in Basement 

30cm THK. 

^ 2nd Footing 40cm THK. 
1st Footing 50cm THK. 

Cement Concrete 1:4:8. 



SECTION 



Pig.(BD2) 
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(R.C.C.) slab spanning between the supporting walls or beams 
is known as the roof. 

Parapet is the short masonry wall built over the roof 
all round the building is called parapet.. It serves as an 
enclosure and prevents anybody from falling from the roof of 
the building. 

Weathering course is the layer meant for protecting 
the roof from the effects of wind, sunshine, rain and snow is 
termed weathering course. 

General specifications of different items 

By general specifications, it is meant the nature and proportion 
(quality and quantity) of.the different items of work. They 
specify the type of materials, proportions of material and the 
quality of materials used. For example, the specifications of 
masonry work in superstructure may be stated as follows : 
"The masonry work in superstructure is of first class brick in 
cement mortar 1:6 , 200 mm thick. "(CM. i: 6 is prepared by 
using 1 cement and 6 sand by weight and correct amount of 
water) 

The general specifications are not fixed and may vary 
depending upon the nature of building, nature of loading and 
type of soil. 

A model set of general specifications of the different building 
items is given below : 

Foundation concrete : Cement concrete using jelly 
1 :3:6orl : 4 : 8 or 1 :5: 10. 
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Or, lime concrete using brick ballast - I : 2 : 6 or 
J'l^frneans I cement 3 sand and 6 stone jelly/brick jelly) 

Masonry in foundation : Brickwork using first class 
or country bricks in cement mortar 

Flooring s Cement concrete 1:4: 8, 120 mm thick 
and plastered smooth with cement mortar 1 : 3. 

Masonry in basement : Brickwork of 1 1/2 bricks 
thick using first class bricks in CM. 1 : 5. 

Superstructure : Brickwork of 1 brick thick using 
first class bricks in CM. 1 : 6. 

f - R C C slab 120 mm thick with 1:2:4 mix 
Roof . R.C.C. s ' a ^ ng Qf two courses of flat tiles 

with a weatneiii'fj ^/wi*t 

set in cement mortar (1:3) 

Parapet : Brickwork using country bricks in C.M. 1 : 
6, 200 mm thick and 600 mm high. 
Guidelines for drawing the three views of a building 
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,; If line plan is given, * should w,u. ^ ^ ^ ^ 

2. The dimensions of rooms in ine mrc y 
internal measurements. 

3. indicate the positions of doors and windows in the plan 
correctly. 





,-,/^A Dry aggregate water 
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THHicn soo 1 

1:4:8 625 
1:3:6 480 


60 
45 
34 


1:2:4 350 


32 


l(15)-3 


250 


30 


1:1:2 


160 


27 



Generally (1:2) butsubjecj 
to an upper limit of 1:(1.5J 
and a lower limit of 1 j 



4. Show the doors and windows in the front and sectional 
views also appropriately. 

5. Indicate the sizes of doors and windows separately under 
reference. 

6. The sunshade is shown by dotted lines in the plan. 

7. The materials in section should be represented as per IS 
conventions . 

8. Represent the ground level (GL) clearly. 

9. Show the sand filling and flooring in the basement. 

10. Show the roof slab and the weathering course. 

1 1 . Write the specifications by the side of each item. 

12. Assume the specifications, thickness and height suitably if 
found missing. 

13. The portion of the building below GL is not shown in the 
elevation. 

1 4. Provide steps to reach the floor from the ground level. 

Rise (height) of steps : 150 mm; Tread (width) of steps : 
250mm. 
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^ 1 5. Adopt suitable scale if not mentioned. 
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Fig. (B D3) 
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Fig. (BD6) 
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Stairs 

Stairs consist of a series of steps with accompanying handrails 
which provide easy access to various floors or levels of a 
building. Two important considerations in the design of a stair 
are easy ascent or descent and safety. The steps of a stair may 
be constructed of either conc/ete or timber; the rails may be of 
timber or metal. 

Types of Stairs 
Straight-flighted stair 

This is the simplest form of stair and consists of a straight 
flight or run of parallel steps (see right). As the name suggests, 
a straight-flight stair has no turns, but it may have a landing 
between flights. 

L-stair 

The L-stair (see. right) has one landing at some point along a 
{light of steps. If one arm of the L-shape is longer than the 
other, that is if the landing is nearer the top or bottom of the 
stair, the stair is referred to as a long L-stair. L-stairs are used 
when the space required for a straitght-flight stair is not 
available. 

Dog-leg stair 

A dog-leg stair (see right), sometimes called a half-turn stair, 
has one flight rising to an intermediate half-space landing, with 
ihe second flight running in the opposite direction to the first 
flight and parallel to it. 



- :(Straignt-F!ighted Stair 



- -(L-Star) 



4_(](f 



L-Stair ^ 



(Long L-Stair) ^1^, 



y*^- <Dog-leg Stair) 



ZlL/^-t/J'(JiJ/'{Haif-Turn Stair) 







landing 



quarter-space 
landing 
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landing 



quarter-space 
landing 



DOWN UP 



X 



PLAN 



PLAN 



Open-well or open-newel stair 

This stair (see right) has a central well hole between its two 
parallel flights. Newels are located at each change of direction 
of night. 



Geometrical Stair 



j- {Geometrical StaSr)^ 

L'S/o^Jz 

A geometrical stair (see below) is in the form of a spiral, with 

the face of the steps radiating from the centre of a c.rcle which 

forms the plan of the outer string. A geometrical stair has an, (Spira | stair) 

open-well stair. A spiral stair is a form of geometrical stair but , ^ 

has no well. It may be-used where little space is available. Uk <>''-? 

Terms used in connection with stairs 

For a better understanding of stair design it may be necessary 
here to look at some of the technical terms associated with 
stairs. Some of the important terms include: 

1 . Tread: The horizontal member of each step. 

2. Riser: The vertical face or member of each step. 

3. Step: The combination of tread and riser. 

4. Nosing: The rounded projection of the tread which 
extends past the face of the riser. 



139 




5. Rise: The vertical distance between two consecutive 
treads. .. 

6. Going or run: The horizontal distance between the 
nosing of a tread or landing next above it. 

7. S/*. ,,,je r or curri^: A structural member 
which supports the treads and risers. 

8. Winder: A tapering step where the stair changes 
direction, radiating from a newel. 

9. Afewc/: The post at the end of a flight to which the 
stringers and handrail are fixed. 

10. Balusters: Vertical members which support the 
handrail. . 

11. Balustrade: A framework of handrail and balusters. 

12. l^/^; The floor area at some point between or at 
either end of a flight of stairs. 

13. Headroom: The shortest clear vertical distance 
measured between the nosing of the treads and the floor 
immediately above or the ceiling (see right) 

14. Stairwell or staircase: The opening in which a set of 
stairs are constructed. 
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Detail at (D) 
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handrail 
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newel 



handrail 



PLAN 




open well 



handrail 



I UP PLAN 
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nosing 




reinforced 
concrete stair 



Parts of a wooden stair- 



Balustrade 



Bricks 



A brick is defined as rectangle block of clay hardened by 
drying in the sun or burning in the kiln, and used for building tu 
walls, pavements etc. 

A few of the common terms used in conjunction with bricks 
are defined as follows :- 

1. Stretcher : It is the longest face of the brick measuring 

200x100 mm in elevation. 

T . u , , *, ,., 

2. Header : It is the shorter face of the brick measuring 

100x100 mm in elevation. 

3. Frog : It is the identation mode in the face of the 

brick. The purpose of providing frog is to 
form a key for better holding of the mortar 
and hence a better bond. Usually the name 
of the manufacturer is impressed in the frog. 

CLOSER : While forming a bond in brickwork, specially cut 
pieces of bricks are used in order to avoid the formation of 
continuous vertical joints. These pieces of bricks have definite 
size and shape are called "Closers". Important among thsm 
are : 



t , j^ ^ 

lT jtjr 6\J~ *& <* <f*-ij) 



1. Queen Closer : 



2. Ring Closer 



3. Bevelled Closer :, 



,^ 



It is obtained by cutting the brick 
longitudinally into two equal parts, 
each of size 100x50x100 mm and is 
called "Queen Closer" 

This is obtained by removing off the 
triangular portions of the brick, 
100x50x100 mm in size. 

Unlike the king closer where half the 
stretcher face is cut. Bevelled closer 
is obtained bv cuttina off the full 



~ (Continuous Vertical Joi 





40 or 50 



MODULAR BRICK - ISOMETRIC VIEW 




MODULAR BRICK - SECTION 






KING CLOSER 
<&? 




MITRED CLOSER 
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HALF BRICK-BAT 



THREES QUARTER BRICK-BAT 



length of the stretcher face and only ,//> j 
half of the header face. 



ss JjU/J>J : ,;// 
* 



,., rl 

4. Mitred Closer 
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. ., . . . . , 

The mitred closer, used in corners and 
junctions is obtained by cutting a 
triangular portion of the brick along 
its width as shown, in figure. 

5. Brick Bats : It a brick is cut along its width and 

parallel to it, the piece so obtained is 
called "Brick Bats". 

Bricks Works 

BOND : Bricks which are of regular shape, can be laid is 
several distinctive patterns or designs and this 

ssss: 

together either by overlapping or by metal ties and 
this aspect is known as STRUCTURAL BOND. 
The adhesion of mortar (mud, Line, Cement 
Mortar) to brick used in conjunction with them is 
called MORTAR BOND. 

Two types of significant important bonds are : 

1) ENGLISH BOND 

2) FLEMISH BOND . 

1, English Bond : The general' features of the 
english bond are as^fbHe-ws..:.. 

ODD ^ EVEN COURSES 

Coxirses 1,3,5 ......... . ....... are called ODD COURSES 

Courses 2,4,5, ................ are called EVEN COURSES. 

2. Flemish Bond : It is consider to have a better 
annearance than the English Bond. 



* l (WQx 50 X 100 ) 



(100 x 50 X 100 )\fMj' 




I 

- 



1 " W (Pattern 



(structural 



3. Double Flemish Bond : This consists of courses which 

u *u ^ -^ ^ * ' * j i 

show the same pattern with in the front and rear elevations. 

Each course of this bond is made up of alternate stretchers 
and headers. 

i/o ^,M K - i K + ^ , - . 

1/2 and 3/4 brick bats are used for closing the gaps. 



Note: All Figures for Brick work will be shown in the next pages. 
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(Brick Bats) 



ODD COURSE EVEN COURSE ' i II 

ONE BRICK WALL 



ONE BRICK WALL-ISOMETRIC VffiW 



ONE & A HALF BRICK WALL-ISOMETRIC VIEW 



ODD COURSE EVEN COURSE 

ONE AND A HALF BRICK WALL 

400 




B2H WB2 

ODD COURSE EVEN COURSE 

TWO BRICK WALL 



TWO BRICK WALL - ISOMETRIC VIEW 
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ODD COURSE EVEN COURSE 

TWO & A HALF BRICK WALL 

WITH ONE & A HALF 




ODD COURSE 




EVEN COURSE 



ODD COURSE EVEN COURSE 

TWO BRICK WALL WITH ONE & A HALF 



ODD COURSE 




EVEN COURSE 



TWO & A HALF BRICK WALL WITH TWO 



TWO BRICK WALL WITH ONE 



148 




A 
60 CM PIER 



BONDING ARRANGEMENT FOR BRICK 
PIERS IN ENGLISH BOND 




A 
60 CM PIER 



BONDING ARRANGEMENT FOR BRICK 
PIERS IN FLEMISH BOND 
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ODD COURSE EVEN COURSE 

ONE AND A HALF BRICK WALL 




ONE BRICK WALL-ISOMETRIC VIEW 
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ODD COURSE EVEN COURSE 

TWO BRICK WALL 



ONE AND A HALF BRICK WALL-ISOMETRIC VIEW 




TWO BRICK WALL - ISOMETRIC VIEW 
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ODD COURSE EVEN COURSE 

TWO & A HALF BRICK WALL 
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Septic Tank 

Septic Tank are usually designed so that waste water takes 
at least 24 hrs. to pass through them - septic tank need to he 
cleaned out every (1) to (4) years to remove accumulation of 
sludge. They should be located far away as possible for 
exterior of the wall of building and should be excessible for 
cleaning. 

The Septic tank shall have minimum width of 75 cm, 
minimum depth of 1 meter below water level and minimum 
liquid capacity of one cu.m. The length of tank is (2) to. (4) 

times the width. 

wire mesh 



air vent pipe 

(as high as possible) 




inspection covers 
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half-section channel 




King Post Truss 



Claar Span 5700 
Effccliv* Span 6000 




152 20x2So 



All Dimensions ar* in mm 



Details at the Joints of King Post Truss 

Page (i) 
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Common Rafter 
100 x SO 



Wai! Plate 
80 x 150 




Tie Beam 
200 x 100 



Contd...ii 



Details at the Joints of King Post Truss 

Page (N) 



Purlin 
110 x 150 



150x100 Principal Rafter. 



Common 
Rafter 




Cleat 
200x200x80 



Detail at (B 



Contd...jii 



Details at the Joints of King Post Truss 

Page (iii) 



Principal Rafter 
150 x 100 



Common Rafter 
100 x 50 
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_ Ridge Cover 
250 x 250 x 25 



Ridge 
x 150 



M.S. Strap 
50 x 6 




Detail at 



Details at the Joints of King Post Truss 

Page (iv) 



King Post 
150 x 100 




Strut 
100 x 100 



M.S. Strap 
10 thick 



Tie Beam 
200 x 100 




M.S. Strap 
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Queen Post Truss 

Page (i) 



Principal Rafter 105 x 150 



Mangalore Tiles Roof Covering 
Battens 45x25 300mmc/c 



Common Rafter 50x75 
Principal Rafter 105x150 

Wall Plate 

7S 



Purlin 115x155 
Cleat 



Straining Beam 105 x125 
Cleat 



Queen Post 105 x 125 
Straining sill 105 x 70 




Ridge Cover 

Ridge 
70x190 



8.6 m Clear Span 



Contd...ii 



Queen Post Truss 

Page (ii) 




158 



Note: 

1) All Dimentiorw are in Millimeter 

2) Assume Suitable Scale 



Contd...jjj: 



Queen Post Truss 

Page (iii) 



Strut 105 x 105 



Queen Post 105 x 125 




Straining Sill 105 x 70 



Tie Beam 105 x 125 



